
































arthropods,	 including	 dragonflies.	We	 assessed	 the	 impact	 of	 anthropogenic	 disturbances	 on	
odonate	assemblages	 across	 three	different	 land	use	 types,	 in	 a	biodiverse	nature	 reserve	 in	
Ghana.	 A	 total	 of	 37	 transects	 (100	 x	 10	m)	were	 used	 to	 survey	 odonate	 species	 over	 two	








turbidity,	 surface	water	 temperature,	 canopy	 cover	 and	 channel	 width	were	 the	 key	 factors	
that	 influenced	 odonate	 assemblages.	 Degraded	 habitats	 were	 dominated	 by	 generalist	 and	
heliophilic	dragonflies,	while	matured	forest	habitat	included	more	stenotopic	damselflies	and	
dragonflies.	These	 findings	 improve	our	understanding	of	 the	drivers	of	odonata	distributions	
and	diversity	and	will	help	river	managers	use	odonates	to	monitor	riverine	health,	as	part	of	
conservation	activities.		
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changes	 and	 declines	 in	 local	 biodiversity	 (Stuart	 et	 al.,	 2004;	 Todd	 &	 Rothermel,	 2006).	
Increased	demand	for	agricultural	lands	and	other	intensive	land	use	matrices	is	a	major	driver	
escalating	 natural	 habitat	 loss	 and	 modification	 worldwide	 (Faruk	 et	 al.,	 2012;	 Henderson,	
1997).	 Freshwater	habitats,	which	 support	a	 significant	 component	of	 global	biodiversity,	 are	
increasingly	 threatened	 by	 anthropogenic	 impacts	 such	 as	 riparian	 deforestation,	 water	
abstraction	for	irrigation,	fishing	and	industrial	activities	(Vörösmarty	et	al.,	2010).	Freshwater	
habitats	contain	10%	of	all	known	species,	in	an	area	of	only	1%	of	the	Earth's	surface	(Strayer	
&	 Dudgeon,	 2010),	 and	 provide	 ecosystem	 services	 valued	 at	 several	 trillion	 USD	 per	 year	
globally	 (Postel	&	Carpenter,	 1997).	More	 than	half	 of	 Earth’s	wetlands	have	been	degraded	
under	 intensified	 land	use	 practices	 (Russi	 et	 al.,	 2013),	 and	more	 than	 two-thirds	 of	 upland	
watersheds	 are	 not	 protected	 (Thieme	 et	 al.,	 2010).	 Overall,	 freshwater	 ecosystems	 and	












Understanding	 the	 changes	 in	 African	 biodiversity	 in	 response	 to	 human	 activities	
requires	 the	study	of	species	 that	 respond	readily	 to	environmental	 stress.	 	 Insects	 represent	
just	such	a	key	 indicator	group,	because	they	are	known	to	quickly	respond	to	environmental	
stressors	 and	modified	 ecosystems	 (Koch	 et	 al.,	 2013).	 The	 insect	 order	 Odonata	 comprises	
damselflies	 (suborder	 Zygoptera)	 and	dragonflies	 (suborder	Anisoptera),	 and	 includes	 species	
that	are	variously	sensitive	to	anthropogenic	 influences	such	as	farming	and	forestry	(Koch	et	
al.,	 2013).	Odonates	have	 received	 increasing	 attention	worldwide	 from	conservationists	 and	







Fordjour	 et	 al.,	 2015),	 and	other	 terrestrial	 arthropods	 (Belshew	&	Bolton,	 1993).	 Studies	 on	
odonate	 responses	 to	 ecosystem	 disturbance	 in	 Ghana	 are	 scant,	 despite	 the	 fact	 that	
odonatological	 studies	 in	 Ghana	 date	 back	 as	 far	 as	 1871	 (Dijkstra,	 2007),	 with	 177	 species	
recorded	to	date	(D’Andrea	&	Carfi,	1994;	Dijkstra,	2007;	Frempong	&	Nijjhar,	1973;	Marshall	&	
Gambles,	1977;	Neville,	1960;	O’Neill	&	Paulson,	2001;	Pinhey,	1962).	
The	 Atewa	 Range	 Forest	 Reserve	 in	 Ghana,	 which	 is	 the	 focus	 area	 for	 this	 study,	 is	
designated	 as	 a	 globally	 significant	 biodiversity	 area	 and	 is	 home	 to	 many	 endemic	 and	
threatened	species	of	wildlife	including	birds,	butterflies,	black	star	plants,	and	odonates	(Abu-
Juam	 et	 al.,	 2003;	 Dijkstra,	 2007;	 Hawthorne	 1998;	 Larsen,	 2006).	 The	 Atewa	 Range	 Forest	
Reserve	also	includes	the	headwaters	for	many	major	river	systems	in	Ghana,	viz	the	Sumatua,	
Suhen,	 Kuia,	 Ayensu,	 Birim,	 Adensu,	 Supon	 and	 the	 Densu	 river	 basins,	 of	 which	 the	 latter	
supplies	one	 third	of	 the	water	 required	 for	domestic,	 industrial	 and	agriculture	 irrigation	by	
the	people	of	Greater	Accra	region	(Acquah-Lamptey	et	al.,	2013).	These	water	bodies	are	the	
main	 source	 of	 drinking	 water	 to	 the	 fringe	 communities	 as	 well.	 Thus,	 understanding	 the	
impacts	that	human	activities	have	on	the	freshwater	resources	within	the	reserve	is	important	
for	both	biodiversity	conservation	and	human	welfare.		
The	 reserve	 is	 under	 intense	pressure	 from	agriculture,	 illegal	 logging	 and	 small	 scale	
mining	 activities,	 which	 threaten	 both	 terrestrial	 and	 freshwater	 habitats	 and	 the	 diverse	
species	therein.	Prior	to	this	study,	it	was	unknown	how	deforestation	and	other	disturbances	
impact	 the	 freshwater	 habitats	 and	 the	 odonate	 assemblages	 in	 this	 region.	 However,	
understanding	 the	 species	 responses	 to	 disturbance	 dynamics	 will	 help	 prioritize	 the	 best	
management	 practices	 for	 sustaining	 habitat	 quality,	 biodiversity,	 and	 ecosystem	 services	
within	 the	 reserve.	 The	 aim	 of	 this	 study	 is	 to	 determine	 the	 impact	 of	 different	 land	 use	
patterns	 on	Odonata	 community	 structure,	 and	 to	 explore	 the	 potential	 of	 using	 changes	 in	
















habitat	has	been	more	strongly	 impacted	by	human	activities,	with	only	 few	trees	 left	on	the	
river	 banks	 constituting	 gallery	 forest	 (a	 narrow	 strip	 of	 forest	 along	 the	 banks	 of	 the	
watercourse).	 In	 contrast,	 the	 Adensu	 and	 Supon	 rivers,	 which	 are	 located	 in	 the	 more	
mountainous	 Sagyimase	 area	 of	 the	 ARFR,	 are	 surrounded	 by	 more	 intact	 natural	 forest	
habitats,	particularly	towards	higher-elevation	sites	where	agriculture,	logging,	and	mining	are	
less	 effective.	 The	 surrounding	 forest	margins	 through	which	 these	 rivers	 subsequently	 pass,	
however,	 are	 subjected	 to	 widespread	 small-scale	 mining	 operations,	 deforestation,	 and	
agricultural	activities	which	are	 similar	 to	 land	use	activities	along	 the	Densu.	These	 land	use	
activities	 have	 contributed	 to	 degrading	 the	 water	 quality,	 including	 increased	 turbidity	 and	
pollution,	in	all	three	rivers.	Annual	precipitation	in	the	study	region	is	between	1200	mm	and	
1800	mm,	 and	 the	 average	 temperature	 is	 27	 oC	 (Abu-Juam	 et	 al.,	 2003).	 The	 soil	 types	 are	
primarily	 lithosols,	 red	clays	and	ochrosols	 from	 the	Birimean	 rock	 formation	 (Hall	&	Swaine,	
1976).	 About	 75%	 of	 the	 reserve	 is	 topographically	 complex	 (Hall	 &	 Swaine,	 1976),	 with	
elevations	ranging	between	200	m	–	750	m.	The	native	vegetation	in	the	study	area	is	typical	of	






forest	 (intact	natural	 forest)	 and	 forest	margin	 (secondary	 forest)	habitats.	A	belt	 transect	of	
100	m	×	10	m,	with	a	sampling	effort	of	2	 fieldworkers	x	40	minutes	was	used	to	sample	the	
adult	odonates.	A	total	of	37	transects	and	148	sampling	events	(4	sampling	visits	per	transect)	












and	October	2015	whilst	 the	dry	 season	 sampling	 took	place	 in	December	2015	and	 January	
2016.	The	sampling	was	done	during	the	day	between	the	hours	of	10	am	and	4	pm.	A	hand	net	
was	 used	 to	 capture	 all	 adult	 odonate	 species	 present	 (i.e.	 either	 flying	 or	 perching)	 when	
possible	and	identified	in	situ,	using	keys	developed	by	Dijkstra	and	Clausnitzer	(2014).	Species	
were	 further	 classified	 as	 generalists	 (widespread	 in	most	 open	 habitats	 and	 can	 also	 utilize	
forest	 habitats),	 specialists	 (forest	 species	 with	 narrower	 range	 of	 habitat	 tolerances)	 and	
heliophillics	 (species	 mostly	 found	 in	 open	 habitats	 and	 stagnant	 water	 bodies),	 using	 the	
Dijkstra	 and	 Clausnitzer	 (2014)	 guide	 and	 African	 Dragonflies	 and	 Damselflies	 Online	
(http://addo.adu.org.za).	For	species	not	in	Dijkstra	and	Clausnitzer	(2014),	which	is	for	Eastern	





community	 structure.	 Surface	 water	 temperature	 (°C),	 dissolved	 oxygen	 (mg/L),	 conductivity	
(mS/cm),	turbidity	(Nsl),	total	dissolved	solids	(TDS)	and	pH	were	recorded	with	a	U-50	Horiba	
water	 quality	 meter	 (HORIBA	 Instruments	 Incorporated	 Process	 and	 Environmental,	 Texas).	
These	variables	were	recorded	in	both	the	wet	and	dry	season.	
The	altitude,	canopy	cover,	flow	rate,	river	width	and	depth,	aquatic	and	bankside	vegetation,	
and	 presence	 of	 lagges	 (riverside	 pools	 created	 by	 small	 scale	 mining	 activities,	 which	 can	




points	 across	 the	 river	 for	 each	 transect.	 A	 Garmin	 GPS	 (etrex	 10;	 Garmin	 Ltd.,	 Canton	 of	
Schaffhausen,	 Switzerland)	was	 used	 to	 take	 coordinates	 and	 altitudes	 of	 each	 transect.	 The	
canopy	 cover	 was	 assessed	 using	 a	 densiometer.	 The	 plant	 species	 at	 each	 transect	 were	
recorded	as	aquatic	vegetation	(plants	in	stream	channel,	partly	or	fully	submerged),	marginal	






dry	 season	 records	 of	 each	 sampling	 transects,	 to	 explain	 variation	 in	 odonate	 assemblages	
according	to	the	three	land	use	types	(agricultural,	matured	forest	and	forest	margin	habitats)	
across	the	three	rivers,	using	the	formula	below:	
Relative	abundance	=  !"#$% !"#$%& !" !"#!$!#%&'( !" !" !"!#$%& !"#$%#!!"#$% !"#$%& !" !"#!$!#%&'(  !" !"" !"!#$%& !"#$%#! !"#$%&' ×	100%	










Jaccard	 coefficient,	 because	 it	 gives	weight	 to	 the	 species	 that	 are	 common	 to	 both	 habitat	
types,	 rather	 than	 to	 those	 which	 are	 unique	 to	 either	 habitat	 (Kent,	 2011).	 The	 Sørensen	








site	 (transect)	 within	 the	 river,	 to	 account	 for	 multiple	 samples	 taken	 at	 each	 site,	 and	 to	
account	 for	 site-specific	 effects	 unrelated	 to	 our	 measured	 variables	 (Ofori-Boateng	 et	 al.,	





(Gregoire	 &	 Schabenberger,	 1996;	 Gutzwiller	 &	 Riffell,	 2007).	 A	 canonical	 correspondence	
analysis	 (CCA)	 (Ter	 Braak,	 1986)	 was	 also	 performed	 to	 determine	 the	 influence	 of	
environmental	 drivers	 of	 change	 on	 odonate	 diversity,	 abundance	 and	 spatial	 distributions,	
using	the	Vegan	'envfit'	function	in	R.	A	Monte	Carlo	test	with	999	iterations	was	used	to	test	
for	 the	 significance	 of	 the	 eigenvalues	 generated	 by	 the	 first	 two	 axes	 in	 the	 analysis	 of	 the	
odonate	community	structure	to	habitat	variables.		All	environmental	predictor	variables	were	
tested	 for	 spatial	 autocorrelation	 (only	 non-correlated	 values	 were	 included	 together	 in	





A	 total	 of	 6940	 individuals	 belonging	 to	 53	 species	 in	 eight	 families	were	 sampled	 along	 the	
agricultural,	matured	forest	and	forest	margin	habitats	in	the	Densu,	Supon	and	Adensu	Rivers	
(Tables	 1	 and	 2).	 Of	 the	 53	 recorded	 species	 in	 the	 study	 area,	 23	 belong	 to	 the	 suborder	
Zygoptera	 (damselflies)	 and	 30	 to	 the	 suborder	 Anisoptera	 (dragonflies).	 The	 abundance	 of	
each	species	along	each	of	 these	three	rivers	and	habitat	 types	 is	provided	as	supplementary	
data	(Appendices	3-5).	
The	most	abundant	species	from	the	suborder	Zygoptera	was	S.	ciliata,	with	an	estimated	15%	
relative	 abundance	 across	 all	 sites,	 followed	 by	 P.	 melanicterum	 (11.2%)	 and	 C.	 luminosa	
(10.8%).	Rarer	species	such	as	U.	cincta,	Chlorocnemis	sp,	L.	dissimulans,	Elattoneura	sp	and	C.	








(8.089	 ±	 s.e	 0.410,	 n=44),	 followed	 by	 forest	margin	 (6.750	 ±	 0.276,	 n=48)	 and	 the	matured	
forest	 habitat	 (4.998	 ±	 0.238,	 n=56)	 (Figure	 2).	 The	 mean	 species	 richness	 also	 followed	 a	
similar	 trend,	 with	 agricultural	 habitats	 exhibiting	 the	 highest	 total	 number	 of	 species	 per	
transect	 (10.227	 ±	 0.545,	 n=44),	 followed	 by	 forest	 margin	 (8.479	 ±	 0.364,	 n=48)	 and	 the	
matured	forest	(6.393	±	0.309,	n=56)	(Figure	3).	The	linear	mixed	effect	model	(LMM)	indicated	
a	significant	effect	of	habitat	type	on	ENS	at	an	alpha-level	significance	threshold	of	0.05,	and	
this	 reflected	 differences	 in	 ENS	 of	 odonates	 between	 the	 matured	 forest	 habitat	 and	 the	
agricultural	 habitat	 (estimate	 (est)	 =	 1.692	 ±	 s.e	 0.692,	 t=	 2.445,	 p=0.021).	 Conversely,	 there	
was	no	significant	difference	in	the	ENS	of	odonates	between	the	matured	forest	and	the	forest	
margin	 (est=	 0.816	 ±	 0.606,	 t=1.346,	 p=0.188)	 or	 between	 the	 forest	margin	 and	 agricultural	
habitat	(est=	0.877	±	0.482,	t=	1.818,	p=	0.078)	(For	the	full	models,	see	Appendix	1	and	2).				
Beta	diversity		









forest,	but	high	 in	 the	 forest	margin	and	agricultural	habitats,	where	a	higher	number	of	 the	
generalist	and	heliophilic	species	were	found	(e.g.,	P.	lucia,	P.	Portia,	P.	flavescens,	N.	pujoli	and	
the	Ceriagrions).	Surface	water	temperature	was	higher	 in	the	forest	margins	and	agricultural	
habitats	 than	 the	 matured	 forest.	 Species	 such	 as	 C.	 selysi,	 M.	 zygoptera,	 U.	 cincta,	 P.	




the	 rivers.	 Species	 like	O.	 julia,	O.	microstigma	 and	O.	 stemmale	 showed	 tolerance	 to	 wide	
variations	on	DO	concentration	levels	as	the	width	of	the	rivers	expand	further	downstream.	In	
contrast,	 conductivity	 and	 total	 dissolved	 solids	 (TDS)	 showed	 similar	 trend	 with	 negative	
correlation	on	axis	1,	but	positive	correlation	on	axis	2	(Table	3).		
In	 general,	 the	 matured	 forest	 habitats	 were	 characterized	 by	 lower	 water	 temperature,	
conductivity,	dissolved	solids,	and	shallower	depth	than	the	degraded	habitats	(agricultural	and	
forest	margin	habitats)	(Figure	4),	while	forest	margin	and	agricultural	habitats	exhibited	higher	







Among	 the	species	 recorded,	S.	 ciliata	 and	C.	 luminosa	were	dominant	 in	 the	Adensu,	Densu	
and	 Supon	 Rivers,	 which	 characteristically	 have	 fast	 flowing	 water	 and	 canopied	 riparian	





and	shaded	by	gallery	 forest	along	streams	and	 rivers	 (Dijkstra,	2017).	Mesocnemis	 singularis	
was	the	fourth	most	abundant	zygopteran	species	across	the	sites,	and	this	species	tended	to	
be	associated	with	the	presence	of	rocks	in	the	water	bodies,	which	they	utilize	as	a	perching	




distributed	 in	 all	 three	 rivers.	 Orthetrum	 julia	 is	 mostly	 found	 in	 forest	 habitats,	 but	 not	
exclusive	 to	 this	 habitat	 type	 (Dijkstra	 &	 Clausnitzer,	 2014).	 The	 isolated	 patches	 of	 gallery	
forest	along	the	agricultural	habitat	and	forest	margin	are	conducive	habitat	for	these	species,	
hence	 their	 high	 abundance	 in	 the	 entire	 study	 area.	 Trithemis	 arteriosa,	 a	 generalist	 and	
second	most	abundant	Anisoptera	species,	prefers	open	habitats	(Dijkstra,	2017),	which	may	be	
due	to	their	thermoregulation	requirements.	This	may	explain	why	they	were	recorded	only	in	
the	 forest	margin	 and	agricultural	 habitats,	which	were	 characterized	by	open	 canopy	 cover.	








The	 agricultural	 habitats	 had	 the	 highest	 estimated	 effective	 number	 of	 species	 (ENS)	 and	
species	richness	of	odonates,	likely	because	this	habitat	was	characterized	by	patches	of	gallery	
forest	interspersed	with	more	disturbed	areas	of	the	river	corridor.	These	patchy	disturbances	
present	 diverse	microhabitats	 for	 the	 colonization	 and	 utilization	 of	 generalist	 dragonfly	 and	
damselfly	species.	The	generalists	were	able	 to	utilize	wide	ranges	of	habitat	both	temporary	
and	permanent	water	bodies	 in	 the	 riparian	corridors	 (Samways,	1989).	This	was	 reflected	 in	
the	high	number	of	 the	generalist	species	encountered	 in	 the	agricultural	habitats,	and	these	
are	also	noted	for	their	lower	conservation	value	(Aratrakorn	et	al.,	2006;	Waltert	et	al.,	2004).	
The	 abundance	 of	 these	 generalists	 in	 the	 agricultural	 habitat	 may	 have	 accounted	 for	 the	




family	 of	 Libellulidae	 in	 the	 agricultural	 habitat	 was	 probably	 due	 to	 the	 preponderance	 of	
anthropogenic	 disturbances	 there,	 including	 small	 scale	 mining,	 illegal	 logging	 and	 farming,	
which	 created	 a	 more	 favourable	 thermal	 microhabitat	 for	 these	 tropical	 dragonflies.	 This	
finding	 relates	 with	 other	 studies	 that	 found	 species	 richness	 of	 odonates	 to	 be	 higher	 in	
agricultural	habitats.	For	example,	Samways	(1989)	found	farm	dams	to	be	suitable	habitats	for	
the	conservation	of	dragonflies.	Similarly,	Ferreira-Peruquetti	and	Fonseca-Gessner	(2003)	and		








(Clausnitzer,	 2003)	 and	 subtropics	 (Samways	 &	 Steyler,	 1996)	 where	 species	 richness	 was	
reported	 to	 be	 higher	 in	 the	 slightly	 disturbed	 habitats	 compared	 with	 pristine	 habitats.	
Samways	 and	 Grant	 (2008)	 also	 observed	 a	 positive	 impact	 of	 moderate	 disturbances	 on	
species	diversity	and	richness	of	odonata	in	open	savanna	streams	and	rivers.		
The	matured	 forest	 habitat	was	 typically	 species	 poor,	 and	was	mostly	 dominated	 by	
damselflies	which	are	characteristically	perchers	especially	the	Calopterygidea	(e.g	U.	cincta,	C.	
selysi),	 smaller	 Coenagrionids	 (e.g	Pseudagrions)	 and	 Protoneuridae	 (E.	 nigra),	 which	 utilized	
the	 forest	 structure	 as	 perching	 substrate.	 Furthermore,	 some	 damselflies	 oviposit	
endophytically	 and	 require	 vegetated	 oviposition	 substrates	 to	 carry	 out	 their	 reproduction.	
These	reproductive	requirements,	 in	tandem	with	their	 lower	thermoregulation	requirements	
and	 their	 generally	 higher	 degree	 of	 habitat	 specialization,	 explain	 partly	 why	 most	 of	 the	
species	 encountered	 in	 the	 forest	 habitat	 were	 damselflies.	 Most	 dragonflies,	 on	 the	 other	
hand,	required	open	habitat	to	thermoregulate	and	preferred	to	inhabit	more	disturbed	areas.	




but	 more	 specialized	 odonate	 species	 diversity	 from	 rivers	 under	 an	 intact	 primary	 forest	
canopy	with	only	local	sunspots	in	South	Africa.		
Most	 of	 the	 species	 encountered	 in	 the	 disturbed	 habitats	 were	 generalist	 and	 heliophilic	
dragonfly	species,	having	wider	dispersal	ability	and	low	conservation	status.	These	species	are	
good	 candidates	 as	 negative	 indicators	 of	 habitat	 quality	 as	 they	 colonize	 and	 increased	 in	
abundance	as	the	habitat	tends	to	be	degraded.	The	influx	of	disturbance-tolerant	species	into	
a	 more	 open	 landscape,	 especially	 secondary	 habitats,	 has	 the	 potential	 to	 increase	
interspecific	 competition,	 which	 may	 lead	 to	 extinction	 of	 the	 stenotopic	 species	 in	 the	
ecosystems	(Dijkstra	&	Clausnitzer,	2006;	Oppel,	2006).	In	general,	the	matured	forest	habitat	
served	 as	 refuge	 to	 most	 unique	 and	 specialized	 odonates	 community,	 while	 the	 disturbed	
habitats	were	mostly	inhabited	by	eurytopic	generalist	and	heliophilic	species	which	have	wide	








Dissimilarity	 in	 species	 diversity	 between	 the	matured	 forest	 and	 the	 forest	margin	 habitats	
may	 result	 from	 differences	 in	 magnitude	 of	 disturbances	 between	 these	 two	 habitats.	 The	





of	 natural	 habitats	 results	 in	 an	 altered	 species	 assemblage	 which	 tends	 to	 favor	 eurytopic	
generalist	 species,	 where	 they	 achieve	 dominance	 in	 the	 odonates	 community	 (Clausnitzer,	
2003;	 Samways	 &	 Steytler,	 1996;	 Stewart	 &	 Samways,	 1998).	 The	 similarity	 in	 species	







Dragonflies	 are	 widely	 used	 as	 indicators	 of	 the	 quality	 of	 freshwater	 habitats	 and	 the	
environment,	because	of	their	sensitivity	to	habitat	alteration.	Studies	on	odonate	responses	to	
ecosystem	 disturbance	 are	 scant	 in	 Ghana.	 Our	 study	 sought	 to	 determine	 the	 impacts	 of	
anthropogenic	habitat	disturbance	on	Odonata	community	structure.	Our	results	demonstrate	
that	odonate	generalist	and	heliophilic	species	such	as	P.	 lucia,	P.	Portia,	T.	arteriosa	and	the	
Ceriagrions	 were	 more	 abundant	 in	 the	 agricultural	 habitats	 and	 the	 forest	 margins,	 where	
agriculture	activities,	mining	and	 illegal	 timber	 logging	 created	open	canopy,	 increased	water	
turbidity	 and	 lowered	 dissolved	 oxygen	 concentration.	 Alternatively,	 forest-specialist	 species	
like	M.	zygoptera,	U.	cincta	and	C.	selysi	were	prominent	in	the	less	disturbed	matured	forest	
habitat,	 characterized	 by	 lower	 temperatures,	 less	 turbidity,	 and	 denser	 canopy	 cover.	 The	
results	 suggest	 that	 observed	 changes	 in	 odonate	 communities	 linked	 to	 human-led	
disturbance	could	be	used	as	monitoring	tools	for	riverine	ecosystem	health	in	Ghana,	and	may	
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Estimate	 Std.	Error										Df	 t	value	 Pr	(>|t|)					
	
(Intercept)								 288.743	 116.965			 36.880				 2.469			 0.018	*			
	
Temperature	 0.441				 0.210			 55.600			 2.096			 0.041	*			
	
Width	 0.282				 0.120			 31.690				 2.347			 0.025*			
Present	of		lagges										0.882				
														
0.474			 28.420				 1.861			 0.073	












0.877				 0.482		 32.630				 1.818	 0.078	
Season	(Wet	vs.	
Dry)			
1.263				 0.280	 133.710				 4.508					 1.41e-05***	
	
Latitude			 -37.612			 14.980			 36.370		 -2.511						 0.017	*			






































Fixed	effects	 Estimate	 Std.	Error										Df	 t	value	 Pr	(>|t|)					
(Intercept)								 617.223	 161.130			 37.360				 3.831	 0.001	***	
	
Width	 0.414				 0.140			 25.970				 2.952	 0.007	**	
Presence	of	lagges											1.038				 0.523			 22.110				 1.987	 0.059	
Canopy	cover										 -0.038				 0.009		 33.180			 -3.906	 0.0004	***	
	
Conductivity	 -9.174			 11.178			 41.960			 -0.821	 0.416					
Turbidity	 -0.018				 0.004			 45.060			 -4.397	 6.63e-05	***	
Forest	vs.	
Agriculture					








0.260				 0.631			 28.220				 0.412	 0.683		
Latitude	 -80.115			 21.027			 38.060			 -3.810	 0.0005	***	
Longitude	 204.322			 57.599			 34.780				 3.547	 0.001	**	
Season	(Wet	vs.	
Dry)	




DFM1	 DFM2	 DFM3	 DFM4	 DFM5	 DFM6	 DF1	 DF2	 DF3	 DF4	 DF5	
Phaon	camerunensis	
	
11	 0	 8	 1	 14	 6	 27	 1	 0	 4	 0	
Phaon	iridipennis	
	
7	 2	 3	 0	 0	 15	 1	 0	 10	 8	 0	
Sapho	ciliata	
	
32	 42	 21	 40	 54	 61	 70	 47	 36	 28	 39	
Umma	cincta	
	
0	 0	 1	 0	 0	 0	 8	 0	 5	 3	 4	
Chlorocypha	curta	
	
0	 0	 0	 0	 0	 0	 0	 0	 0	 0	 0	
Chlorocypha	luminosa	 31	 21	 27	 45	 50	 64	 66	 46	 19	 19	 25	
Chlorocypha	radix	
	
1	 0	 0	 1	 0	 0	 2	 0	 0	 0	 0	
Chlorocypha	selysi	
	
0	 0	 0	 0	 0	 0	 0	 2	 27	 33	 16	
Lestes	dissimulans	
	
0	 0	 0	 0	 0	 0	 0	 0	 0	 0	 0	
Ceriagrion	glabrum	
	
0	 0	 0	 0	 0	 0	 0	 0	 0	 0	 0	
Ceriagrion	sp	
	
0	 0	 0	 0	 0	 0	 0	 0	 0	 0	 0	
Pseudagrion	glaucoideum	 0	 0	 0	 0	 0	 0	 0	 0	 0	 0	 0	
Pseudagrion	hamoni	
	
2	 0	 12	 0	 8	 6	 8	 20	 0	 3	 2	
Pseudagrion.kersteni	
	
8	 0	 0	 42	 0	 6	 46	 34	 4	 24	 3	
Pseudagrion	sp1	
	
0	 0	 0	 0	 0	 0	 0	 0	 0	 0	 0	
Pseudagrion	sp2	
	
0	 0	 0	 0	 0	 0	 0	 0	 0	 0	 0	
Pseudagrion	sjoestedti	 0	 3	 0	 3	 4	 0	 2	 0	 0	 0	 0	
Pseudagrion	melanicterum	 35	 46	 52	 32	 57	 57	 43	 50	 32	 20	 5	
Pseudagrion	epiphonematicum	 0	 4	 0	 0	 0	 0	 0	 0	 0	 0	 0	
Mesocnemis	singularis	 0	 0	 0	 0	 0	 0	 0	 0	 0	 0	 0	
Chlorocnemis	sp	
	
0	 0	 0	 0	 0	 0	 10	 0	 0	 0	 0	
Elattoneura	nigra	
	
6	 4	 3	 22	 3	 2	 6	 31	 31	 28	 3	
Elattoneura	sp	
	
20	 29	 20	 0	 0	 0	 4	 0	 0	 0	 0	
Gynacantha	bullata	
	
0	 0	 0	 0	 0	 0	 0	 0	 0	 0	 0	
Nesciothemis	pujoli	
	
0	 0	 0	 0	 0	 0	 0	 0	 0	 0	 0	
Onychogomphus	sp	
	
0	 0	 0	 0	 0	 0	 0	 0	 0	 0	 0	
Chalcostephia	flavifrons	 0	 0	 0	 0	 0	 0	 0	 0	 0	 0	 0	
Cyanothemis	simpsoni	 3	 3	 25	 13	 20	 7	 0	 1	 2	 0	 0	
Eleuthemis	buettikoferi	 0	 0	 0	 0	 0	 0	 0	 0	 0	 0	 0	
Hadrothemis	coacta	
	
0	 0	 0	 0	 0	 0	 0	 0	 0	 0	 0	
Micromacromia	zygoptera	 0	 0	 0	 0	 0	 0	 0	 0	 0	 0	 0	
Neodythemis	klingi	
	
1	 8	 4	 10	 0	 0	 2	 2	 9	 9	 0	
Orthetrum	abbotti	
	
0	 0	 0	 0	 0	 0	 0	 0	 0	 0	 0	
Orthetrum	austeni	
	
0	 0	 0	 0	 0	 0	 0	 0	 0	 0	 0	
Orthetrum	chrysostigma	 3	 0	 1	 0	 2	 0	 0	 0	 0	 0	 0	
Orthetrum.guineense	
	
0	 0	 5	 0	 1	 0	 0	 0	 0	 0	 0	
Orthetrum	icteromelas	 0	 0	 0	 0	 0	 0	 0	 0	 0	 0	 0	
Orthetrum	julia	
	
0	 16	 15	 4	 13	 12	 0	 0	 4	 8	 5	
Orthetrum	microstigma	 0	 2	 0	 0	 0	 0	 0	 0	 0	 0	 0	
Orthetrum	monardi	
	
0	 0	 0	 0	 0	 0	 0	 0	 0	 0	 0	
Ortetrum	sp	
	
0	 0	 0	 0	 8	 1	 0	 0	 0	 0	 0	
Orthetrum	stemmale	
	
0	 4	 3	 0	 6	 0	 0	 0	 4	 0	 0	
Orthetrum	trinacria	
	
0	 0	 0	 0	 0	 0	 0	 0	 0	 0	 0	
Palpopleura	lucia	
	
0	 0	 0	 0	 0	 0	 0	 0	 0	 0	 0	
Palpopleura	portia	
	
0	 0	 0	 0	 0	 0	 0	 0	 0	 0	 0	
Pantala	flavescens	
	
0	 0	 0	 0	 0	 0	 0	 0	 0	 0	 0	
Tetrathemis	camerunensis	 0	 0	 0	 0	 0	 0	 0	 0	 0	 0	 0	
Trithemis	aconita	
	
2	 0	 0	 12	 5	 23	 3	 5	 7	 3	 0	
Trithemis	annulata	
	
0	 0	 0	 0	 0	 0	 0	 0	 0	 0	 0	
Trithemis	arteriosa	
	
0	 0	 0	 0	 0	 0	 0	 0	 0	 0	 0	
Trithemis	dichroa	
	
0	 0	 0	 0	 0	 0	 0	 0	 0	 0	 0	
Trithemis	imitata	
	
0	 0	 0	 0	 0	 0	 0	 0	 0	 0	 0	
Trithemis	kirbyi	
	









DAG1	 DAG2	 DAG3	 DAG4	 DAG5	 DAG6	 DAG7	 DAG8	 DAG9	
Phaon	camerunensis	
	
0	 0	 0	 7	 0	 0	 0	 4	 7	
Phaon	iridipennis	
	
0	 9	 3	 0	 0	 1	 0	 5	 1	
Sapho	ciliata	
	
0	 41	 34	 23	 34	 36	 17	 20	 25	
Umma	cincta	
	
0	 0	 0	 0	 0	 0	 0	 0	 0	
Chlorocypha	curta	
	
0	 1	 7	 10	 7	 0	 0	 0	 0	
Chlorocypha	luminosa	 0	 33	 33	 28	 20	 20	 27	 24	 9	
Chlorocypha	radix	
	
0	 8	 3	 4	 0	 9	 16	 2	 1	
Chlorocypha	selysi	
	
10	 5	 0	 5	 0	 2	 8	 0	 10	
Lestes	dissimulans	
	
0	 0	 0	 0	 0	 0	 0	 0	 0	
Ceriagrion	glabrum	
	
0	 0	 0	 0	 0	 0	 0	 0	 0	
Ceriagrion	sp	
	
0	 0	 0	 0	 0	 0	 0	 0	 0	
Pseudagrion	glaucoideum	 0	 0	 0	 0	 0	 0	 0	 0	 0	
Pseudagrion	hamoni	
	
0	 18	 52	 6	 11	 3	 17	 15	 15	
Pseudagrion	kersteni	
	
0	 34	 32	 6	 0	 0	 0	 0	 0	
Pseudagrion	sp1	
	
0	 0	 0	 5	 0	 0	 0	 0	 0	
Pseudagrion	sp2	
	
0	 0	 0	 0	 0	 0	 0	 0	 0	
Pseudagrion	sjoestedti	 0	 0	 2	 0	 0	 0	 0	 0	 0	
Pseudagrion	melanicterum	 36	 44	 23	 34	 11	 22	 41	 27	 28	
Pseudagrion	epiphonematicum	 0	 0	 12	 9	 0	 0	 0	 0	 0	
Mesocnemis	singularis	 0	 65	 77	 63	 55	 55	 44	 37	 0	
Chlorocnemis	sp	
	
19	 0	 0	 0	 0	 0	 0	 2	 1	
Elattoneura	nigra	
	
0	 12	 5	 19	 16	 2	 9	 2	 5	
Elattoneura	sp	
	
0	 0	 0	 0	 0	 0	 0	 6	 0	
Gynacantha	bullata	
	
0	 0	 0	 0	 0	 0	 0	 0	 0	
Nesciothemis	pujoli	
	
0	 2	 0	 5	 4	 6	 0	 0	 0	
Onychogomphus	sp	
	
0	 2	 2	 0	 3	 12	 0	 0	 0	
Chalcostephia	flavifrons	 0	 0	 0	 0	 0	 0	 0	 0	 0	
Cyanothemis	simpsoni	 0	 0	 0	 2	 13	 0	 10	 0	 6	
Eleuthemis	buettikoferi	 0	 26	 24	 10	 14	 11	 13	 0	 0	
Hadrothemis	coacta	
	
0	 0	 0	 0	 3	 0	 0	 0	 0	
Micromacromia	zygoptera	 0	 0	 0	 0	 0	 0	 0	 0	 0	
Neodythemis	klingi	
	
22	 9	 9	 5	 4	 1	 0	 0	 1	
Orthetrum	abbotti	
	
0	 0	 0	 0	 2	 0	 0	 0	 0	
Orthetrum	austeni	
	
0	 0	 3	 0	 6	 0	 0	 0	 0	




0	 0	 0	 0	 7	 6	 0	 0	 2	
Orthetrum	icteromelas	 3	 0	 1	 0	 0	 0	 0	 0	 0	
Orthetrum	julia	
	
13	 8	 13	 12	 10	 2	 2	 5	 9	
Orthetrum	microstigma	 9	 0	 0	 0	 2	 0	 0	 0	 0	
Orthetrum	monardi	
	
0	 2	 0	 0	 0	 0	 0	 0	 0	
Ortetrum	sp	
	




9	 0	 3	 1	 1	 0	 1	 0	 8	
Orthetrum	trinacria	
	
4	 0	 0	 0	 0	 0	 0	 0	 0	
Palpopleura	lucia	
	
2	 0	 14	 0	 26	 0	 0	 0	 0	
Palpopleura	portia	
	
0	 0	 9	 0	 8	 0	 0	 0	 0	
Pantala	flavescens	
	
0	 0	 0	 0	 0	 0	 0	 0	 0	
Tetrathemis	camerunensis	 0	 0	 0	 0	 0	 0	 0	 0	 0	
Trithemis	aconita	
	
0	 11	 6	 1	 8	 8	 11	 3	 4	
Trithemis	annulata	
	
0	 0	 0	 0	 0	 0	 0	 0	 0	
Trithemis	arteriosa	
	
0	 0	 16	 0	 44	 14	 14	 0	 0	
Trithemis	dichroa	
	
0	 12	 0	 0	 0	 7	 0	 0	 0	
Trithemis	imitata	
	
0	 0	 0	 0	 0	 0	 0	 0	 0	
Trithemis	kirbyi	
	








SF1	 SF2	 SF3	 SF4	 SF5	 SFM1	 SFM2	 SFM3	
	Phaon	camerunensis	
	
7	 3	 12	 5	 13	 0	 0	 0	
	Phaon	iridipennis	
	
9	 9	 8	 0	 1	 0	 0	 0	
	Sapho	ciliata	
	
36	 55	 23	 43	 34	 0	 0	 0	
	Umma	cincta	
	
5	 0	 2	 2	 7	 0	 0	 0	
	Chlorocypha	curta	
	
0	 0	 0	 0	 0	 2	 0	 5	
	Chlorocypha	luminosa	 16	 19	 10	 6	 21	 0	 0	 0	
	Chlorocypha	radix	
	
0	 2	 0	 4	 0	 0	 0	 0	
	Chlorocypha	selysi	
	
25	 12	 17	 5	 1	 0	 0	 0	
	Lestes	dissimulans	
	
3	 0	 0	 0	 0	 0	 0	 0	
	Ceriagrion	glabrum	
	
0	 0	 0	 0	 0	 9	 0	 0	
	Ceriagrion	sp	
	
0	 0	 0	 0	 0	 3	 0	 0	
	Pseudagrion	glaucoideum	 0	 0	 0	 0	 0	 0	 0	 6	
	Pseudagrion	hamoni	
	
0	 0	 0	 0	 0	 0	 0	 0	
	Pseudagrion	kersteni	
	
0	 0	 0	 0	 0	 0	 0	 0	
	Pseudagrion	sp1	
	
0	 0	 5	 0	 0	 0	 0	 0	
	Pseudagrion	sp2	
	
0	 0	 0	 0	 0	 4	 0	 4	
	Pseudagrion	sjoestedti	 0	 0	 0	 0	 0	 0	 0	 0	
	Pseudagrion	melanicterum	 4	 4	 0	 7	 15	 5	 0	 0	
	Pseudagrion	epiphonematicum	 0	 0	 0	 0	 0	 0	 0	 0	
	Mesocnemis	singularis	 0	 0	 0	 0	 0	 0	 0	 0	
	Chlorocnemis	sp	
	
0	 0	 0	 2	 0	 0	 0	 0	
	Elattoneura	nigra	
	
0	 0	 0	 0	 10	 0	 0	 0	
	Elattoneura	sp	
	
0	 0	 0	 0	 0	 0	 0	 0	
	Gynacantha	bullata	
	
0	 1	 0	 0	 0	 0	 0	 0	
	Nesciothemis	pujoli	
	
0	 0	 0	 0	 0	 9	 6	 12	
	Onychogomphus	sp	
	
0	 0	 0	 0	 0	 11	 17	 14	
	Chalcostephia	flavifrons	 0	 0	 0	 0	 0	 11	 4	 6	
	Cyanothemis	simpsoni	 0	 0	 0	 0	 0	 0	 0	 0	




0	 0	 0	 0	 0	 0	 0	 0	
	Micromacromia	zygoptera	 2	 2	 4	 4	 4	 0	 0	 0	
	Neodythemis	klingi	
	
0	 3	 0	 2	 5	 0	 0	 0	
	Orthetrum	abbotti	
	
0	 0	 0	 0	 0	 0	 2	 1	
	Orthetrum	austeni	
	
0	 0	 0	 0	 0	 0	 15	 2	




0	 0	 0	 0	 0	 8	 18	 2	
	Orthetrum	icteromelas	 0	 0	 0	 0	 0	 3	 0	 0	
	Orthetrum	julia	
	
0	 5	 0	 1	 0	 46	 10	 23	
	Orthetrum	microstigma	 0	 0	 3	 1	 0	 4	 12	 7	
	Orthetrum	monardi	
	
0	 0	 0	 0	 0	 4	 0	 0	
	Ortetrum	sp	
	




0	 0	 0	 0	 0	 0	 2	 0	
	Orthetrum	trinacria	
	
0	 0	 0	 0	 0	 0	 0	 0	
	Palpopleura	lucia	
	
0	 0	 0	 0	 0	 69	 62	 38	
	Palpopleura	portia	
	
0	 0	 0	 0	 0	 52	 55	 36	
	Pantala	flavescens	
	
0	 0	 0	 0	 0	 38	 29	 30	
	Tetrathemis	camerunensis	 0	 3	 0	 0	 0	 0	 0	 0	
	Trithemis	aconita	
	
0	 0	 0	 0	 0	 11	 0	 3	
	Trithemis	annulata	
	
0	 0	 0	 0	 0	 0	 8	 4	
	Trithemis	arteriosa	
	
0	 0	 0	 0	 0	 39	 54	 48	
	Trithemis	dichroa	
	
0	 0	 0	 0	 0	 10	 21	 6	
	Trithemis	imitata	
	
0	 0	 0	 0	 0	 3	 0	 10	
	Trithemis	kirbyi	
	









AF6	 AF7	 AF8	 AF9	 AFM4	 AFM5	 AFM6	 AAG1	 AAG2	
Phaon	camerunensis	
	
2	 14	 11	 0	 5	 0	 0	 0	 0	
Phaon	iridipennis	
	
0	 0	 0	 0	 8	 0	 0	 0	 0	
Sapho	ciliata	
	
22	 41	 38	 30	 11	 7	 0	 0	 0	
Umma	cincta	
	
3	 4	 0	 3	 0	 0	 0	 0	 0	
Chlorocypha	curta	
	
0	 0	 0	 0	 4	 4	 2	 0	 7	
Chlorocypha	luminosa	 34	 19	 0	 11	 3	 7	 1	 0	 0	
Chlorocypha	radix	
	
0	 0	 0	 0	 2	 4	 0	 0	 3	
Chlorocypha	selysi	
	
15	 35	 24	 15	 9	 0	 0	 0	 0	
Lestes	dissimulans	
	
0	 0	 0	 0	 0	 0	 0	 0	 0	
Ceriagrion	glabrum	
	
0	 0	 0	 0	 0	 0	 0	 0	 0	
Ceriagrion	sp	
	
0	 0	 0	 0	 0	 1	 4	 0	 0	
Pseudagrion	glaucoideum	 0	 0	 0	 0	 0	 0	 0	 0	 0	
Pseudagrion	hamoni	
	
0	 0	 0	 0	 0	 0	 0	 0	 0	
Pseudagrion	kersteni	
	
0	 0	 0	 0	 0	 0	 0	 0	 0	
Pseudagrion	sp1	
	
0	 0	 0	 0	 0	 0	 0	 0	 0	
Pseudagrion	sp2	
	
0	 0	 0	 0	 0	 0	 0	 0	 0	
Pseudagrion	sjoestedti	 0	 0	 0	 0	 0	 0	 0	 0	 0	
Pseudagrion	melanicterum	 0	 0	 0	 0	 16	 21	 8	 0	 0	
Pseudagrion	epiphonematicum	 0	 0	 0	 0	 0	 0	 0	 0	 0	
Mesocnemis	singularis	 0	 0	 0	 0	 0	 0	 0	 0	 0	
Chlorocnemis	sp	
	
0	 0	 0	 0	 0	 8	 0	 0	 0	
Elattoneura	nigra	
	
0	 0	 0	 0	 0	 2	 0	 0	 0	
Elattoneura	sp	
	
0	 0	 0	 0	 0	 0	 0	 0	 0	
Gynacantha	bullata	
	
0	 0	 0	 0	 0	 0	 0	 0	 0	
Nesciothemis	pujoli	
	
0	 0	 0	 0	 0	 0	 0	 12	 7	
Onychogomphus	sp	
	
0	 0	 0	 0	 2	 3	 3	 16	 10	
Chalcostephia	flavifrons	 0	 0	 0	 0	 0	 0	 0	 0	 0	
Cyanothemis	simpsoni	 0	 0	 0	 0	 0	 0	 0	 0	 0	
Eleuthemis	buettikoferi	 0	 0	 0	 0	 0	 0	 0	 0	 0	
Hadrothemis	coacta	
	
0	 0	 0	 0	 0	 0	 0	 0	 0	
Micromacromia	zygoptera	 0	 0	 4	 8	 0	 0	 0	 0	 0	
Neodythemis	klingi	
	
1	 3	 2	 0	 0	 0	 0	 0	 0	
Orthetrum	abbotti	
	
0	 0	 0	 0	 0	 0	 0	 0	 0	
Orthetrum	austeni	
	
0	 0	 0	 0	 0	 0	 2	 0	 2	




0	 0	 0	 0	 0	 0	 0	 7	 0	
Orthetrum	icteromelas	 0	 0	 0	 0	 0	 0	 0	 0	 0	
Orthetrum	julia	
	
0	 0	 2	 0	 7	 12	 35	 26	 18	
Orthetrum	microstigma	 0	 0	 0	 0	 4	 3	 23	 2	 4	
Orthetrum	monardi	
	
0	 0	 0	 0	 0	 0	 0	 0	 0	
Ortetrum	sp	
	




0	 0	 0	 0	 0	 7	 10	 8	 2	
Orthetrum	trinacria	
	
0	 0	 0	 0	 0	 0	 0	 0	 1	
Palpopleura	lucia	
	
0	 0	 0	 0	 1	 0	 60	 16	 11	
Palpopleura	portia	
	
0	 0	 0	 0	 1	 0	 51	 6	 13	
Pantala	flavescens	
	
0	 0	 0	 0	 0	 0	 56	 26	 7	
Tetrathemis	camerunensis	 0	 0	 0	 0	 0	 0	 0	 0	 0	
Trithemis	aconita	
	
0	 0	 0	 0	 0	 0	 0	 0	 0	
Trithemis	annulata	
	
0	 0	 0	 0	 0	 0	 0	 0	 0	
Trithemis	arteriosa	
	
0	 0	 0	 0	 0	 4	 38	 26	 17	
Trithemis	dichroa	
	
0	 0	 0	 0	 0	 0	 0	 0	 0	
Trithemis	imitata	
	
0	 0	 0	 0	 0	 0	 0	 0	 0	
Trithemis	kirbyi	
	





























































0	 3	 0	 3	 0.04	
	Coenagrionidae	 Ceriagrion	glabrum		(Burmeister,	1839)	#	
	








































266	 180	 329	 775	 11.17	
	
	 	
Pseudagrion	epiphonematicum		Karsch,	1891	 21	 0	 4	 25	 0.36	
	Platycnemidae	 Mesocnemis	singularis		Karsch,	1891!	
	
396	 0	 0	 396	 5.71	
	Protoneuridae	 Chlorocnemis	sp	
	







































Gynacantha	bullata	Karsch,	1891*	 0	 1	 0	 1	 0.01	
	Gomphidae	 Onychogomphus	sp!	 45	 0	 50	 95	 1.37	
	Libellulidae	 Nesciothemis	pujoli	Pinhey,	1971#	 36	 0	 27	 63	 0.91	
	
	 	
Chalcostephia	flvifrons	Kirby,	1889#	 0	 0	 21	 21	 0.30	
	
	 	
Cyanothemis	simpsoni	Ris,	1915!	 31	 3	 71	 105	 1.51	
	
	 	
Eleuthemis	buettikoferi	Ris,	1910!	 98	 1	 0	 99	 1.43	
	
	 	
Hadrothemis	coacta	(Karsch,	1891)	 3	 0	 0	 3	 0.04	
	
	 	
Micromacromia	zygoptera	(Ris,	1909)*	 0	 28	 0	 28	 0.40	
	
	 	
Neodythemis	klingi	(Karsch,	1890)!	 51	 38	 23	 112	 1.61	
	
	 	
Orthetrum	abbotti	Calvert,	1892!	 2	 0	 3	 5	 0.07	
	
	 	
Orthetrum	austeni	(Kirby,	1900)#	 11	 0	 19	 30	 0.43	
	
	 	
Orthetrum	chrysostigma	(Burmeister,	1839)!	 23	 0	 12	 35	 0.50	
	
	 	
Orthetrum	guineense	Ris,	1909!	 22	 0	 34	 56	 0.81	
	
	 	
Orthetrum	icteromelas	Ris,	1910#	 4	 0	 3	 7	 0.10	
	
	 	
Orthetrum	julia	Kirby,	1900!	 118	 25	 193	 336	 4.84	
	
	 	
Orthetrum	microstigma	Ris,	1911#	 17	 4	 55	 76	 1.10	
	
	 	
Orthetrum	monardi	Schmidt,	1951	 2	 0	 4	 6	 0.09	
	
	 	
Ortetrum	sp	 0	 0	 9	 9	 0.13	
	
	 	
Orthetrum	stemmale	(Burmeister,	1839)#	 33	 4	 32	 69	 0.99	
	
	 	
Orthetrum	trinacria	(Selys,	1841)#	 5	 0	 0	 5	 0.07	
	
	 	
Palpopleura	lucia	(Drury,	1773)#	 69	 0	 230	 299	 4.31	
	
	 	
Palpopleura	portia	(Drury,1773)#	 36	 0	 195	 231	 3.33	
	
	 	
Pantala	flvescens	(Fabricius,	1798)#	 33	 0	 153	 186	 2.68	
	
	 	
Tetrathemis	camerunensis	(Sjöstedt,	1900)#	 0	 3	 0	 3	 0.04	
	
	 	
Trithemis	aconita	Lieftinck,	1969!	 52	 18	 56	 126	 1.82	
	
	 	
Trithemis	annulata	(Palisot	de	Beauvois,	1805)!	 0	 0	 12	 12	 0.17	
	
	 	
Trithemis	arteriosa	(Burmeister,	1839)!	 131	 0	 183	 314	 4.71	
	
	 	
Trithemis	dichroa	Karsch,	1893!	 19	 0	 37	 56	 0.81	
	
	 	
Trithemis	imitata	Pinhey,	1961!	 0	 0	 13	 13	 0.19	
	
	 	
Trithemis	kirbyi	Selys,	1891!	 0	 0	 16	 16	 0.23	
	
	 	
Total	number	of	species	 22	 10	 24	
	 	 	
	 	










two	 axes	 of	 the	 environmental	 variables	 of	 the	 three	 habitats.	 Asterisks	 (∗)	 indicate	
significance	(<	0.05),	following	Monte	Carlo	permutation	procedures		
		
			 Axis	1	 Axis	2	 R2	 p-value	
%	clarity	 0.99	 -0.01	 0.04	 0.050*	
Canopy	cover	 0.77	 0.64	 0.09	 0.004	**	
Width	 0.36	 0.94	 0.05	 0.014	*	
Depth	 -0.86	 -0.54	 0.02	 0.154	
Conductivity	 -0.73	 0.69	 0.01	 0.400	
Total	dissolved	solids		 -0.89	 0.47	 0.01	 0.390	























Table 4. List of Odonata species circled in figure 4 (potential indicator species) in both the 
degraded (agricultural habitats and forest margin) and matured forest habitat 
Potential indicator Odonata 
species 
                                              Habitat type 
 
Ceriagrion glabrum       
Ceriagrion sp             
Pseudagrion glaucoideum    
Pseudagrion sp2           
Chalcostephia flavifrons  
Palpopleura lucia         
Palpopleura portia        
Pantala flavescens       
Trithemis annulata        
Trithemis imitata         
Trithemis kirbyi 
 
                 Agricultural habitats and  
Forest margin                       
 
Phaon camerunensis      
Lestes dissimulans        
Gynacantha bullata           
Umma cincta                    
Chlorocypha selysi       
Micromacromia zygoptera 
 




















names	are	abbreviated	with	the	first	 four	 letters	of	the	genus	and	the	first	 four	 letters	of	the	
species	 (e.g.	 Pantala	 flavescens:	 Pantflav).	 The	 blue	 arrows	 represent	 each	 of	 the	
environmental	 variables	plotted	pointing	 in	 the	direction	of	maximum	change	of	 explanatory	
variables	 across	 the	 three	 riverine	 systems.	 Species	 located	within	 the	 green	ovals	 represent	
potentially	good	candidates	for	local	indicator	species	of	freshwater	ecosystem	health	(left	side	
of	graph)	or	degradation	(right	side	of	graph),	respectively.	The	plus	sign	(+)	represent	odonata	
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